INTRODUCTION
The wide usage of chemical compounds to cure or prevent plant diseases is often expensive, has adverse effects on humans, causes environmental pollution, and can also be lethal to the beneficial residents of soil. Because of these disadvantages, there is a need to develop new methods to achieve better disease control. Biological control of plant pathogens by microorganisms or their metabolites is a very promising alternative to synthetic pesticides (1) .
Most of the species from the genus Bacillus are considered as safe microorganisms and they possess remarkable abilities to synthesize many metabolites that have been successfully used for biocontrol of plant diseases. Producing a large number of compounds with antimicrobial activity against different phytopathogens Bacillus subtilis is one of the most significant biocontrol agents (2, 3) . In the recent years, the use of these bacteria has been studied for control of the most important disease of the crucifers, known as black rot, which is caused by Xanthomonas campestris pv. campestris (4, 5) .
To improve the production of antimicrobial compounds, it is necessary to define the optimal nutritional and environmental conditions which have a great influence on the production process. The formulation of the culture medium is of critical importance because its composition affects the yield and type of the synthesized components. Also, it is important to reduce the cost of the media since this may affect the overall process economics (6) . With traditional optimization techniques, the variables are studied independently, which represents a difficult, time consuming and inefficient process, because a true optimum is not obtained due to the interactions among the process variables. An alternate strategy is a statistical approach, e.g. factorial experimental design and response surface methodology (RSM). RSM is a collection of statistical and mathematical techniques useful for the process optimization in which a response of interest is influenced by several factors. It can give information about the interaction between the factors, provide information necessary for design and process optimization, and give multiple responses at the same time. This powerful and efficient mathematical approach is widely applied in the optimization of media components (6, 7) .
The aim of this study was the optimization of the medium composition in terms of glycerol, sodium nitrite and phosphate content, using response surface methodology for the production of compounds effective against Xanthomonas campestris ATCC 13951 by Bacillus subtilis ATCC 6633.
EXPERIMENTAL

Microorganisms
In the experiments, the strain Bacillus subtilis ATCC 6633 was used as a productive microorganism and Xanthomonas campestris ATCC 13951 as a test microorganism for the determination of the in vitro antimicrobial activity. Both microorganisms were stored at 4 o C and subcultured every four weeks.
Cultivation media
Biosynthesis of antimicrobial compounds was performed on nutrient broth (Torlak, Serbia) and on the media formulated based on the chosen experimental design. In the media, contents (g/L) of glycerol (20, 35, 50), sodium nitrite (1, 2, 3) and phosphates in the form of K 2 HPO 4 (5, 10, 15) were varied. The media also contained (g/L): yeast extract (0.5), CaCO 3 (17.0), MgSO 4 x7H 2 O (0.5) and MnSO 4 x4H 2 O (0.05), and their pH value was adjusted to 7.0 prior to sterilization by autoclaving at 121 o C and pressure of 2.1 bars for 20 min.
Biosynthesis conditions
Bioactive compounds were produced in Erlenmeyer flasks (300 mL) containing 100 mL of medium. The inoculation was performed by adding 10% (v/v) of inoculum prepared in aerobic conditions on nutrient broth at 28 o C, using a laboratory shaker at 150 rpm for 48 h. The biosynthesis of antimicrobial agents was carried out under aerobic conditions at the temperature of 28 o C and agitation rate of 150 rpm for 4 days.
Analytical methods
At the end of the process, samples of cultivation media were centrifuged at 10,000 rpm for 15 min (Eppendorf Centrifuge 5804, Germany). In the further work, only liquid phase of cultivation media was used.
The obtained supernatants were filtered through a 0.45 μm nylon membrane (Agilent Technologies, Germany) and then analyzed by HPLC (Thermo Scientific Dionex UltiMate 3000 series) to determine residual glycerol content. The HPLC instrument was equipped with an HPG-3200SD/RS pump, WPS-3000(T)SL autosampler (10 μl injection loop), ZORBAX NH 2 (250 mm x 4.6 mm, 5 μm) column, and a RefractoMax520 detector. Acetonitrile (70%, v/v) was used as eluent at a flow rate of 1.0 mL/min and elution time of 20 min at the column temperature of 30 o C. The residual content of total nitrogen was determined by the Kjeldahl method (8) , while the residual content of total phosphorus was determined using spectrophotometric method (9) .
The production of bioactive compounds, which was expressed as antimicrobial activity against test microorganism (mm), was estimated by the diffusion-disc method (10) . Culture supernatants of each experiment were concentrated by evaporation on a rotary vacuum evaporator (Ika® Werke, Germany) to one tenth of the initial mass and then were tested for their antimicrobial activity.
Experimental design and optimization by RSM
The selection of an experimental design is a key step in the application of the RSM. In this study, the experiments were carried out in accordance with the Box-Behnken design with three factors on three levels and three repetitions in the central point (11) . The factor variables and their values (g/L) are: X 1 -glycerol content (20, 35, 50), X 2 -sodium nitri-te content (1, 2, 3) and X 3 -phosphates content (5, 10, 15) . The full experimental design is given in Table 1 . For the description of the responses Y (inhibition zone diameter (mm), residual glycerol (g/L), residual nitrogen (g/L) and residual phosphorus (g/L) content), a second degree polynomial model was fitted to the data:
where b 0 represents the intercept, b i represents the linear, b ii quadratic and b ij interaction effect of the factors.
Statistical analyses of the experimental results were performed using Statistica software v. 12.0. Response surface plots were generated with the same software and drawn for a constant value of one of the factors, while the remaining two factors were varied. The method of desirability function was applied for the determination of optimal values of examined factors (Design-Expert 8.1). 
RESULTS AND DISCUSSION
In order to achieve the aim of the study, the first step was to examine the production of compounds effective against Xanthomonas campestris ATCC 13951 by Bacillus subtilis ATCC 6633. The selected strain of productive microorganism was grown in nutrient broth to test its ability for antimicrobial compounds production. The inhibition zone obtained by the diffusion-disk method and had 18.0 mm in diameter indicated that the applied Bacillus strain produces compounds with antimicrobial activity against tested phytopathogen. However, nutrient broth is not a profitable medium for the industrial production of these compounds. Even when used as a production medium, nutrient broth does not fulfil all requirements in terms of nutrients necessary for the biosynthesis. Consequently, insignificant amount of bioactive compounds is being produced (12) . Therefore, the aim of this study was to optimize the production medium composition in order to reduce production costs and increase product yield.
Antimicrobial compounds produced by microorganisms are secondary metabolites whose biosynthesis begins at the early stages of the stationary phase (13) . Hence, it is important to formulate the composition of the media so that favors their synthesis with limited growth of biomass. The proper selection of carbon, nitrogen and phosphorus sources, as the most important nutrients in the cultivation medium, and an accurate definition of their concentration are essential to increase the yield of the desired metabolite. Production of bioactive compounds using the bacterial strains was greatly influenced by the variation of carbon sources in cultivation media. It was found that the biosynthesis of compounds with antimicrobial activity by Bacillus subtilis was maximal when glycerol was used as carbon source in regard to glucose and sucrose, which are the most commonly used carbon sources in cultivation media (12, 14) . Glycerol is the main by-product of biodiesel production. This kind of glycerol is impure and is not being used in the food and pharmaceutical industries since its purification process is not cost efficient. In addition, an increase of biodiesel production has resulted in increasing amount of waste glycerol which will be a huge problem since it cannot be disposed of in the environment. Glycerol bioconversion in valuable products, such as antimicrobial compounds, reduces production costs and environmental problems caused by accumulation of this waste (15) . Different inorganic salts, such as ammonium salt, nitrates, nitrites and phosphates are used as nitrogen and phosphorus sources in media for the production of bioactive compounds. They are added in limited amounts because the large quantities of these salts favor the biomass growth and thus negatively influence the biosynthesis. When the level of these nutrients in the media is low, the production rate of microorganism cells growth is slowed down and the synthesis of secondary metabolites is favored (16) .
In this study, the media for the production of antimicrobial compounds by Bacillus subtillis ATCC 6633 was formulated by varying content of glycerol, sodium nitrite and phosphate. The values of the examined factors were selected based on the available literature data (14, 16) . At the end of the process, samples of cultivation media were analyzed. The obtained results are presented in Table 2 . 
Statistical analyses of modeled responses
Production of antimicrobial compounds was carried out in accordance with the defined aim of the study and applied experimental design. Based on the experimental results (Table 2) , the responses were: the inhibition zone diameter (mm, Y 1 ), residual glycerol content (g/L, Y 2 ), residual nitrogen content (g/L, Y 3 ) and the residual phosphorus content (g/L, Y 4 ). For these responses, a polynomial model of the second degree was established to evaluate and quantify the influence of the examined factors. The results of the statistical analysis are presented in Table 3 and 4.
The coefficients of the regression equation and p-values for all effects of the factors are given in Table 3 . A p-value is used to assess the statistical significance for each of the regression equations' coefficients. The regression coefficients, with a confidence level of 95%, are significant if their p-values are less than 0.05. These coefficients are marked in Table 3 . A positive sign in the value of the regression equations' coefficients indicates a synergistic effect, while a negative sign represents an antagonistic effect of the factors on the selected response. 
Mathematical model of the inhibition zone diameter against Xanthomonas campestris ATCC 13951
The most significant response for the production of antimicrobial compounds effective against Xanthomonas campestris ATCC 13951 is the inhibition zone diameter because it is a direct indicator of the amount of the synthesized bioactive compounds. The response surface plots (Figure 1, 2 and 3) were generated in order to reveal the interactions of the examined factors and determine their optimal value to achieve the maximum biosynthesis of antimicrobial compounds. These dimensional plots are graphical representations of the regression equation. Each figure represents the effects of two factors on a selected response, whereas the third factor was maintained at the central value of the experimental design. Figure 1 shows the effects of the initial content of glycerol and sodium nitrite at a constant concentration of phosphates (10 g/L) on the production of compounds with antimicrobial activity against Xanthomonas campestris ATCC 13951. As it can be seen, the increase of the sodium nitrite content in the medium at the minimum initial glycerol concentration results in the minimum inhibition zone of about 8 mm in diameter. On the other hand, at the maximum initial glycerol content opposite results were obtained, with a maximum inhibition zone of about 26 mm in diameter. These results can be explained by the fact that the media with high nitrogen and low carbon concentration, when the phosphorus is not the limiting nutrient, stimulate the biomass growth but not the biosynthesis of secondary metabolites (17) . The effects of the initial content of glycerol and phosphates on the inhibition zone diameter against Xanthomonas campestris ATCC 13951 at a constant sodium nitrite concentration (2 g/L) are presented in Figure 2 . From this response surface plot it is evident that, in the applied experimental conditions, the antimicrobial compounds production does not depend on the initial phosphates content for all glycerol concentrations. The value of selected response increases from about 15 mm to about 25 mm with an increase of Figure 3 illustrates the effects of the initial contents of sodium nitrite and phosphates on the biosynthesis of compounds effective against Xanthomonas campestris ATCC 13951 at a constant glycerol concentration (35 g/L). As in the previous case, the results from this figure suggest that the inhibition zone diameter does not depend on the initial phosphates content in the cultivation medium. However, the initial content of sodium nitrite influenced the production of antimicrobial compounds. The value of the selected response increased from about 13 to 23 mm with a decrease of the sodium nitrite content. These results are also a confirmation that high concentrations of nitrogen and phosphorus in the media had a negative impact on the secondary metabolic pathways (17) . 
Optimization of the production of antimicrobial compounds
The final use of response surface methodology is the process optimization. The concept of desirability function (D) was used to optimize the contents of glycerol, sodium nitrite and phosphates in the medium for production of compounds effective against Xanthomonas campestris ATCC 13951. It is helpful for optimization of the process with two or more output responses. Depending on the selected responses, two sets of optimization were made.
If the only goal of optimization is to achieve maximum inhibition zone diameter against Xanthomonas campestris ATCC 13951 (first set), the desirability function is of maximum value (0.960) at the initial contents of glycerol, sodium nitrite and phosphates of 50.00 g/L, 2.85 g/L and 11.00 g/L, respectively. By applying media with such nutrients contents, the model predicts the inhibition zone diameter of 26.23 mm and the contents of residual glycerol, total nitrogen and phosphorus of 25.28 g/L, 0.45 g/L and 0.20 g/L, respectively.
The metabolized nutrients represent no losses from an economic point of view. The wastewater with a significant organic load must undergo demanding treatment process before being discharged into the environment, which increases the cost of the production process. Therefore, in the second optimization set, in addition to achieving the maximum antimicrobial activity, the minimum residual contents of the nutrients were selected as responses. According to the model predictions for the highest value of desirability function (0.908) the optimal values of the initial contents of glycerol, sodium nitrite and phosphate are 20.00 g/L, 1.00 g/L and 8.78 g/L, respectively. The predicted inhibition zone diameter, as an indicator of antimicrobial activity, is 21.93 mm, and the residual nutrients content are 0.02 g/L, 0.24 g/L and 0.05 g/L for glycerol, total nitrogen and phosphorus, respectively. Comparing the results of both optimization sets, it can be noticed a reduced consumption of glycerol by 60.00%, sodium nitrite by 64.91%, and phosphates by 20.18% and a decrease of the inhibition zone diameter by 16.39%, while the contents of non-metabolized nutrients in the media were very low. The obtained results can be used for further techno-economic analysis of the process to select the optimal medium composition for the production of antimicrobial compounds at an industrial scale.
CONCLUSIONS
This study confirmed that Bacillus subtilis ATCC 6633 has a great potential for the production of antimicrobial compounds effective against Xanthomonas campestris ATCC 13951. Response surface methodology based on a Box-Behnken design proved to be an appropriate modeling tool for the mathematical representation of the production of antimicrobial compounds, and also a useful tool for optimization of the medium composition. The results obtained in this study can be used for selecting optimum medium composition for the economically justified production of bioactive compounds at an industrial scale.
